were factors associated with SSIs after gastric surgery. 7 " 10 However, all of these studies except one were performed in a single center and with small numbers of patients. Moreover, they did not take into account the effects of surgical antibiotic prophylaxis (SAP) on the development of SSI after gastric surgery, and this might be one of most important risk factors. 11 We performed a prospective multicenter study of a large number of patients undergoing gastric surgery in Korea, to characterize SSI and identify the risk factors associated with SSI, including variables of SAP quality.
METHODS
Twenty hospitals across Korea participated in this prospective survey of SSI after gastric surgery from 2007 to 2009 as part of KONIS. 5 These hospitals volunteered to participate in KONIS on a yearly basis; to qualify for participation, it was mandatory that hospitals undergo consecutive 6-month surveillance from July to December. Participating infection control practitioners (ICPs) were trained before surveillance was started each year, to assure standardized practices. All of the data were collected prospectively according to a common protocol. Patients aged 20 years or younger were excluded from the surveillance. The ethics committee of Seoul National University Bundang Hospital approved the study.
Gastric surgery was defined according to the National Nosocomial Infections Surveillance (NNIS) system as incisions and excisions of the stomach performed in an operating room, including laparoscopic procedures. 12 Patients were routinely followed up during hospital stay and after discharge, and surgeons or surgical nurses, infectious diseases physicians, or ICPs prospectively monitored these patients for SSI until SSI developed or until 30 days after surgery. Participating patients visited the outpatient department (OPD) or emergency room of each hospital after they were discharged when they experienced any kind of wound problems or fever. The surgeons also performed a regular OPD-based followup for every discharged patient until 30 days after surgery was performed. If a patient did not visit the OPD as scheduled, ICPs interviewed the patient by telephone on the 30th day after surgery was performed.
We used the definition of SSI proposed by the Centers for Disease Control and Prevention. 13 Demographic data on the patients, the presence of underlying gastric cancer, hospital characteristics, and possible perioperative variables associated with the development of SSI were collected. Perioperative variables were as follows: length of preoperative hospital stay, wound class, 14 American Society of Anesthesiology physical score, 15 duration of surgery, emergency status, whether reoperation was performed at the same site within the surveillance period, packed red blood cell (PRBC) transfusion within 24 hours before or after surgery, laparoscopic versus open gastric surgery, simultaneous surgery at a different anatomical site through the same incision, presence of diabetes mellitus (DM), obesity (BMI >25), a history of smoking within 1 month before the surgery was performed, current use of any form of systemic steroid for 1 week or more before the surgery was performed, and presence or absence of infection at other sites. The following variables associated with SAP quality were also collected: type of antibiotic selected, timing of administration of the first dose, and duration of SAP. Clinical information about SSI, including microbiologic data, was collected for cases of SSI. All of the data were registered in the web-based system developed by KONIS. SSI rates were analyzed as numbers of infections per 100 surgical procedures and stratified by their NNIS risk index categorization. 16 Statistical analyses were conducted to identify risk factors associated with SSI after gastric surgery was performed (PASW Statistics, ver 18.0.0). Univariate analyses were performed to screen potential risk factors with P values less than .10 (using Student f test, x 2 test, or Fisher exact test, depending on the type of measurement). Multivariate linear logistic regression models were formulated and tested to adjust for covariates. Adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated, and type I error levels less than 0.05 were considered statistically significant. In the analysis of SAP quality, we excluded patients to whom antibiotics were administered preoperatively because of infection at any anatomical site. The NNIS risk index categories were not included in the multivariate analysis because each component was already included in the model. Per 100 operations. The percentile distribution was not calculated because the number of hospitals was small. 
RESULTS
All of the hospitals participating in the study were universityaffiliated teaching hospitals; 8 (40.0%) of these hospitals had 900 beds or more. The total duration of surveillance for the 20 hospitals was 234 months: 6 months in 6 hospitals, 12 months in 9 hospitals, and 18 months in 5 hospitals. A total of 4,297 gastric operations were performed during the study period (41-766 cases, depending on the hospital), and the average frequency of procedures was 18.4 per month (4.5-87.8 cases per month). A total of 59 cases (1.4%) were excluded from the analysis because of loss to follow-up (33 patients), transfer to other hospitals (6 patients), or death before completion of surveillance (20 patients). The sex distribution did not differ between the excluded and included patients (P -.123). However, the excluded patients were older (P = .035) and belonged to higher NNIS risk index categories (P = .02). Of the 4,238 patients who received gastric surgery in the analysis, 64.9% (2,752) were male, with a mean age ± SD of 58.8 ± 12.3 years. The underlying illness leading to gastric surgery was gastric cancer in 3,968 cases (93.6%). The 75th-percentile cutoff value of the duration of surgery in this study was 260 minutes.
Data about SAP were collected in 4,136 cases; 102 cases (2.4% of 4,238) in which antibiotics were administered preoperatively to treat documented infection were excluded from analysis. Second-generation cephalosporins, most of which were cephamycins such as cefotetan or cefminox, and firstgeneration cephalosporins were selected for the SAP regimen in 52.8% (2,182/4,136) and 38.7% (1,600/4,136) of the cases, respectively. Prophylactic administration of antibiotics other than cephalosporins or antibiotic combinations was very uncommon. Most of the SAP (96.1% [3,974/4,136] ) was performed within 60 minutes before the incision was made. The duration of SAP was analyzed in 4,125 cases, after 11 cases were excluded for which the data were not available. The median duration of SAP was 4 days (range, 1-30). The proportion of cases for which SAP was maintained for 24 hours or less after surgery was only 14.2% (584/4,125).
Among the 4,238 cases that were followed up for 30 days after surgery was performed, most were followed up as scheduled; contact by telephone was necessary in only 119 cases (2.8%). SSI occurred in 170 of the 4,238 cases, giving an overall rate of SSI of 4.01% (Table 1 ). The median length of time between surgery and diagnosis of SSI was 8 days (range, 1-30 days; Figure 1 ). A diagnosis of SSI was made after patient discharge in 27 (15.9%) of the 170 cases of the total confirmed SSI; none of these diagnoses were made via a telephone interview. The majority (69.4% [118/170]) of SSIs that occurred after gastric surgery was organ or space SSI; only 18.2% and 12.4% were deep-incisional and superficial-incisional SSIs, (29) 39 (23) 70 (41) 61 (36) 135 (79) 61 ± 11 28 (17) 39 (23) 59 (35) 44 (26) 11 (6) (11) 12 (7) 139 (82) 16 (9) 7 (4) 8 (5) 38 (22) 35 (21) 115 (68) 49 (29) 6 (4) respectively. We isolated 142 microorganisms from 112 patients who had SSI, and 27 patients (24.1%) had polymicrobial infections ( Table 2) .
The results of univariate analysis of potential risk factors for SSI after gastric surgery are presented in Table 3 . Several variables were associated with an increased risk of SSI, while there was evidence of laparoscopic surgery being associated with reduced risk. Hospital size, monthly volume of gastric surgery, the duration of participation in this study, and the presence of gastric cancer did not affect the risk of SSI (Table 4 ). In the analysis of the effect of SAP quality, the type of antibiotic selected was not associated with SSI. However, the risk of SSI for patients who received the first antibiotic dose during or after the skin incision was made was significantly higher than it was for those patients who received the first antibiotic 1-30 minutes before the incision was made (3.00 [1.09-8.23]). Prolonged duration of SAP did not reduce the risk of SSI. In fact, duration of SAP of 7 days or more was associated with an increased risk of SSI (2.70 [1.26-5.64]).
D I S C U S S I O N
We have described the results of a large prospective nationwide survey of SSI that develops after gastric surgery in Korea. Twenty (21.7%) of the 92 hospitals nationwide that had 500 beds or more volunteered to participate in this study. A total of 4,297 patients who had gastric surgery were monitored during the study period; these patients accounted for 16.3% of the 26,310 gastric operations performed nationwide over the same period. 17 The 30-day period of surveillance was completed in 98.6% (4,238/4,297) of the cases; the effect of the excluded cases on the analysis of SSI rates and risk factors should be minimal. The NNIS risk index category was also a significant variable predicting SSI after gastric surgery in our univariate analysis. Rates of SSI after gastric surgery in KONIS were higher than rates of SSI after gastric surgery performed during the same period in the United States according to the National Healthcare Safety Network (NHSN): 18 3.86 versus 1.72, respectively, were in risk categories 0 or 1 ( P < .001) and 10.87 versus 4.23, respectively, were in risk categories 2 or 3 (P = .006). The 75th-percentile cutoff point for the duration of gastric surgery in KONIS was 260 min, which is much longer than the 160 minutes in NHSN. This could be one of the reasons for the higher rates of SSI after gastric surgery that are observed in Korea, because operation time is a significant risk factor for SSI (Table 4) . 9 ' 10 In Korea, gastric cancer, which is the main indication for gastric surgery, remains the most common cancer according to 2005 national cancer statistics. 19 A different distribution of underlying illnesses might also be responsible for the difference in SSI rates between the two countries. Although the NNIS risk index is a simple and widely used method for stratifying the risk of SSI after surgical procedure, better models that include more sensitive variables affecting SSI are needed for each surveillance system.
Male sex, longer operation time, reoperation, multiple procedures, and inadequate SAP were independent risk factors for SSI in this study. It is difficult to explain why SSI after gastric surgery was more common in male patients in Korea. One possible explanation derives from the finding that operation times for male patients are much longer than they are for female patients, for most types of surgical procedure. 20 The operation time for male patients was also significantly longer than it was for female patients in this study (214 ± 85 minutes vs 199 ± 81 minutes; P< .001). Differences between male and female patients in the distribution of underlying gastric illness and in the amount of abdominal muscle mass may be the reasons for these effects. In Korea, age-standardized incidence rates of gastric cancer are 65.5 and 26.3 per 100,000 population for male and female patients, respectively, according to 2005 national cancer statistics. 19 Surgery for gastric cancer, which takes longer to perform than other types of gastric surgery, was more frequently performed in male patients in this study (94.5% vs 91.9%; P = .001). Male sex was a risk factor for major infection, including SSI, after surgery in other studies. 21 ' 22 Reoperation and multiple surgical procedures were independent risk factors in this study. Reoperation is well known as a major predictor of tissue and wound complications, or SSI, in gastrointestinal surgery. 22 ' 23 This is presumably due to the effect of longer exposure to the risk of bacterial contamination and impaired healing of the relatively avascular scar tissue of the previous incisional wound. 24 Concurrent multiple surgical procedures were also a major risk factor for SSI after gastric surgery in another study. 25 The increased risk may result from the longer operation time and the greater probability of exposure to microorganisms in other gastrointestinal organs such as the appendix during combined appendectomy.
The use of laparoscopy is widely recognized as a method to reduce the risk of SSI in gastrointestinal surgery; 26 SSI rates in laparoscopy-assisted gastric surgery were 60% lower than in open gastric surgery. 10 However, laparoscopic cholecystectomy is associated with a lower risk of incisional SSI but not organ or space SSI. 27 Moreover, laparoscopic appendectomy has been reported to have a significantly greater risk of organ or space SSI than open appendectomy in patients with complicated appendicitis. 28 In this study, we did not detect a lower risk of SSI with laparoscopic gastric surgery after we adjusted for confounding variables. One of the possible explanations is that most (69.4%) of the SSIs that occurred after gastric surgery in our study were organ or space SSIs. Moreover, some of the risk factors for SSI could be confounded in the surgeon's decision to perform laparoscopic surgery, because laparoscopic surgery was more frequently performed in this study in cases that involved hospitals with 900 beds or more, female patients, younger patients, obese patients, and clean or clean-contaminated wound classes (data not shown). Therefore, the effect of laparoscopic surgery on SSI in this study should be interpreted with caution. The importance of timely administration of preoperative antibiotics is well established. 29 ' 30 Inappropriate SAP was one of the factors that increased the risk of SSI in this study. When the first antibiotic dose was administered while or after the incision was made, the risk of SSI was significantly higher than when it was administered within 30 minutes before the incision was made (OR, 3.00 [95% CI, 1.09-8.23]). The type of antibiotic used was not a significant risk factor for SSI in multivariate analysis. Therefore, narrow-spectrum antibiotics such as cefazolin are acceptable for use as prophylaxis in gastric surgery, as recommended by most international guidelines. 31 
"
33 These guidelines also recommend that SAP duration be reduced to a maximum of 24 hours after completion of surgery, and it can involve as little as 1 dose. Indeed, prolonged SAP did not reduce the risk of SSI in this study, and SAP of 7 days or more was actually associated with an increased risk of SSI. A SAP duration of 7 days or more was more frequently performed in older male patients and in cases of emergency operation and open gastric surgery. Therefore, prolonged SAP might be a marker of the patient's morbidity, or it might result from the surgeon's concern about a potential risk for SSI in this study.
This study has some limitations. First, it is possible that the data that came from hospitals with large volumes of surgical procedures had excessive influence on the overall SSI rates and on the analysis of the major risk factors. Of all of the cases, 30% were from the 2 hospitals with the largest monthly volume of gastric surgery. However, the participating hospitals were not very different in nature: they were all university-affiliated teaching hospitals, and there were no significant differences in SSI rates according to hospital size or monthly numbers of operations (Table 3) . Another source for selection bias is that we did not gather data from smaller hospitals in this study. However, the cases we studied accounted for 16.3% of the total number of gastric operations performed nationwide, 17 and 20 participating hospitals were distributed nationwide in terms of location. We believe that the results of this study in part reflect the situation in hospitals in Korea nationwide. The second limitation is that information on the details of underlying comorbidities of the patients and the types of gastric surgery was not collected. Instead, the severity of a patient's underlying illness was assessed on the basis of the NNIS risk index categories, 16 and the
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complexity of the techniques involved in different surgical procedures was thought to be reflected in the duration of surgery. Moreover, the type of operative procedure used in patients with gastric cancer was not found to be a significant risk factor for SSI in a previous study. 10 The third limitation is the possibility that SSI was underestimated, especially superficial incisional SSI, which might not be reported to ICPs in the event of a mild case. However, it is not likely that there were many unidentified cases of SSI, because we implemented a multidisciplinary approach to identifying SSI that included frequent communication with healthcare workers in surgical departments and regular review of medical records and microbiologic findings.
In summary, we describe a prospective nationwide study of a large number of patients undergoing gastric surgery in Korea. Male sex, operation-related variables (increased operation time, reoperation, and combined multiple procedures), and inadequate SAP resulted in increased risk of SSI. To reduce SSIs, every effort should be made to ensure the quality of SAP and reduce perioperative complications, because the latter may result in prolonged operation times and unnecessary reoperations or multiple procedures such as splenectomy.
